SUMMARY: In this paper we present results of the spectroscopic analysis of Hα line profile of the Be star 60 Cygni. We present time evolution of the equivalent width of the Hα line profiles during years 1992 -2016 and V /R variation during years 1995 -2016. We analyzed data from Ondřejov Observatory and from BeSS Database. The circumstellar disk of the star was present twice during years 1992 -2016 and the second cycle shows stronger emission activity. We found out that the formation of the disk takes longer time than the disk extinction (extinction is much steeper than the formation) and that there is no evident period of changes in V /R variation.
INTRODUCTION
In general Be stars are rapidly rotating B type stars that produce a disk in its equatorial plane and whose spectrum have or had at some time, one or more Balmer lines in emission. The definition of the Be stars indicates that the variability is very important in understanding the Be stars. Be stars show several types of variabilities, from long-term variations which take several years to short-term variations which can take only a few days or even minutes. Long-term variations are connected with an appearance and disappearance of the disk that means presence of the emission lines -phase changes of stellar types: B ⇌ Be, Be ⇌ Be-shell, and B ⇌ Beshell in time scales from a few years up to several decades. These variations are common for all the Be stars (Kogure & Leung 2007) .
For a long time, the star 60 Cyg (V1931 Cyg, HD 200 310, HR 8 053, MWC 360; B1 Ve, V = 5.37 m (var.), v sin i = 320 km s −1 ), according to Hoffleit & Jaschek (1982) , has been known as an emission-line star. This star was studied by several authors (e.g. Koubský et al. (2000) , Wisniewski et al. (2010) , Draper et al. (2011) or Draper et al. (2014) ). Koubský et al. (2000) concluded that longterm variations, both spectroscopic and photometric, are indicative of a gradual formation and dispersal of the Be envelope around 60 Cyg. Medium and rapid time-scales changes were found as well. Periodical radial velocity variations of spectral lines Hα and He I 6678Å suggest that the star might be a spectroscopic binary having a period of 146.6 ± 0.6 days, while 1.064 day line profile variations and 0.2997 day photometric variations may be caused by non-radial pulsations. Wisniewski et al. (2010) presented one of the most comprehensive spectropolarimetric view of transition from Be phase to the normal B-star phase to date. They presented 35 spectropolarimetric and 65 Hα spectroscopic observations of Be star 60 Cyg spanning 14 years. They found that the timescale of the disk-loss events in 60 Cyg corresponds to almost 6 complete orbits of star's binary companion. This suggest that star's binary companion does not influence the primary star (or its disk). From Wisniewski et al. (2010) we know that the position angle of intrinsic polarization arising from 60 Cyg's disk is θ * = 107.7
• ± 0.4
• indicating that the disk situated in the equatorial plane is oriented on the sky at a position angle of θ disk = 17.7
• (measured North to East). The star was also studied by Draper et al. (2011) who analyzed the intrinsic polarization in the process of losing its circumstellar disk via Be to normal B star transition.
OBSERVATIONS
We used 38 spectroscopic observations of 60 Cygni. Spectra were observed by Perek telescope at Ondřejov Observatory in the period from 2003 to 2011. This work also made use of the BeSS Database, operated at LESIA, Observatoire de Meudon, France: http://basebe.obspm.fr. We used all the available data for the star 60 Cyg. These data were observed by several astronomers in years between 1995 and 2016. We noted observers for each spectrum to be easily recognized if reader would like to see the spectra from the BeSS Database.
RESULTS

Equivalent width
The equivalent width of a spectral line (EW ) is a measure of the area of the line on a plot of intensity versus wavelength. It is found by forming a rectangle with a height equal to that of continuum emission, and finding the width such that the area of the rectangle is equal to the area in the spectral line (Carroll & Ostlie (2007) ). Positive value of EW is commonly used for absorption line and negative value for emission line, we use the same notification.
We used SPEFO code (developed by Jiří Horn, seeŠkoda 1996) to analyze spectra from Ondřejov Observatory and from BeSS Database and to measure the equivalent width of Hα line profiles (EW (Hα)). Resultant values for EW (Hα) of spectra observed at Ondřejov Observatory can be seen in Table 1 . In Fig. 1 we can see the time evolution of the EW(Hα) for these data (empty circles). In Table 2 values for EW (Hα) for spectra adopted from BeSS Database are presented, values are presented by black circles in Fig. 1 .
In Fig. 1 we also plotted values of EW (Hα) from work by Wisniewski et al. (2010) (presented by gray triangles). They used observations from years between 1992 and 2006 and all the data from the article can be found online. Wisniewski et al. (2010) and black circles mark the spectra adopted from BeSS Database but EW value were determined in this work.
. Evolution of a equivalent width of Hα line inÅ. Empty circles mark values for spectra observed at Ondřejov Observatory, gray triangles mark values from
As it is assumed the higher the value of the EW (Hα) the bigger the size of the circumstellar disk and for pure absorption there is no disk present. If we define that one cycle of the "life" of the disk is from the lowest state of pure absorption through the maximum strength of the Hα emission and back to the lowest state we can say from Fig. 1 that between years 1992 and 2016 the disk was presented twice. The second cycle is not finished since there is no further observation of the star (the last observation is from 23
rd September 2014) and thus we cannot be sure if the value of EW (Hα) would continue to increase or decrease. It is obvious that in the second cycle the 60 Cyg shows stronger emission activity.
Furthermore, Koubský et al. (2000) noted that observations from years 1953 -1999 seem to indicate that the maximum strength of the Hα emission never exceeds a peak intensity of about 2.0 of the continuum level but our new observations and observations from BeSS Database show several profiles with intensity over 2.0. So it seems that 60 Cygni is showing the strongest emission activity in the last 60 years. Wisniewski et al. (2010) presented that their data indicate that it took 870 days for 60 Cyg's disk to transform from its strongest Hα emission state to its lowest state of pure absorption, the latter of which they interpret as the time when the disk had completely dissipated. If we would do the same study for the formation of the disk we notice that it takes longer time. That means that times for formation of a disk and for dissipation of a disk are not the same.
Nevertheless from the Fig. 1 it is evident that a periodicity in the evolution of value of EW (Hα) can be found. This work made use of python module pdm.py to determine the period. This module is patterned on the method of period determination using phase dispersion minimization (Stellingwerf (1978) ). Phase dispersion minimization (PDM) is a data analysis technique that searches for periodic components of a time series data set. It is useful for data sets with gaps, non-sinusoidal variations, poor time coverage or other problems that would make Fourier techniques unusable. This method provides likelihood estimate in the form of theta where lower theta represents higher certainty of prediction. See Fig. 2 for the result of the analysis, the procedure found period 6009 ± 52 days (period for the minimal theta (θ = 0.15) is 6050.1 days). pdmEquiBin carry out the PDM analysis using equidistant bins and pdmEquiBinCover carry out the PDM analysis using multiple sequences of equidistant bins.
We also used Period04 (Lenz & Breger (2005) ) for period analysis and we found value for the period close to the one found by pdm.py: P = 6172.8 ± 86.4 days, see Fig. 3 . But in Fig. 4 we can see that the Least-Sqaures Fit does not fit data well. For better understanding of this dependency it would be convenient to watch the star closely in the future and gain more data from the past. 
V /R VARIATION
When the Be stars have double-peaked emission lines we usually observe V /R (violet/red) variations. V /R variation is expressed as the ratio of respective emission-peak heights above the underlaying photospheric absorption profile. Long-term cyclic changes in the ratio V /R are observed in many stars, taking from a few years up to decades to complete the cycle and we can observe this phenomena in 60 Cygni spectra as well. We created a simple script to determine values for V and R peaks of Hα line profiles. Values for the V /R and (V + R)/2 variations are presented in Table 1 and Table 2 , for data from Ondřejov Observatory and BeSS Database, respectively.
In Fig. 5 we plotted time evolution of V /R ratio of Hα emission line profiles. We also used Period04 for the period analysis for V /R variation, see Fig. 6 . From the graph we can say that there is no evident period in the time evolution of data for this variation. The values of V /R variation fluctuate in range 0.96−1.06. It can be due to the fact that there is no one-armed oscillation of the disk present or it is very small and does not influence the V /R variations (one-armed oscillation of the disk is one of the theory that is trying to explain the V /R variation).
Time evolution of variation of (V + R)/2 for Hα emission line profiles can be seen in Fig. 7 . In both graphs we plotted V /R and (V + R)/2 values for Hα line profiles observed at Ondřejov Observatory (empty circles) and those adopted from BeSS Database (black circles). 49000 50000 51000 52000 53000 54000 55000 56000 57000 58000 HJD -2400000 (2000) we can see V /R and (V + R)/2 ratios between years 1976 to 1999 for Be star 60 Cygni. It is clear to see that the (V + R)/2 has its peak around 1.75 (at HJD ≈ 51000) and then starts decreasing. This peak has smaller value than the one we determined from our graph in this work which is around 2.15 (at HJD ≈ 57000). We can see the same behavior in development of EW (Hα) time evolution. 49000 50000 51000 52000 53000 54000 55000 56000 57000 58000 HJD -2400000 
CONCLUSION
In this article we presented analysis of the Hα profiles of the star 60 Cygni. We studied its EW (Hα), V /R and (V + R)/2 variation of the profiles.
As assumed EW (Hα) value is related to the size of the disk. Due to this assumption we can say that the formation of the disk takes longer time than the disk extinction (extinction is much steeper than the formation). We gained the period of one "life" cycle of the disk to be ∼ 6050 days. Also the last emission activity of the star is stronger than the previous one.
We found that there is no evident period of changes in V /R variation, it can be due to the fact that there is no one-armed oscillation of the disk present or it is very small and does not influence the V /R variations. 
